Background and objectives The role of reversibility of nontraditional risk factors, like inflammation and CKDmineral bone disorder, in the reduction of cardiovascular risk after renal transplantation is still scarcely defined.
Introduction
The risk of death and cardiovascular complications is about three to four times lower in patients with renal transplants than patients with coeval stage 5 CKD on dialysis awaiting renal transplantation (1) . The decline in the risk for such events after transplantation occurs in the face of an increase in the prevalence of classic risk factors (2, 3) , and it is, therefore, mainly attributed to better control of CKD-related risk factors (4) . Systemic inflammation as measured by C-reactive protein (CRP) is a powerful predictor of death (5) and progression of atherosclerosis in patients on dialysis (6) . Biomarkers of CKD-mineral bone disorder (CKD-MBD)-including high serum phosphate and parathyroid hormone (PTH), low vitamin D, and high fibroblast growth factor 23 (FGF23)-are among the most indicted risk factors for the high rate of cardiovascular events in patients on dialysis (7, 8) . Both CRP (9) and CKD-MBD (10) improve after successful renal transplantation, and such an improvement may favorably affect vascular disease in these patients.
Current Kidney Disease Improving Global Outcomes guidelines (11) remark that there is a paucity of studies on the evolution of vascular disease shown by imaging techniques in patients on dialysis after renal transplantation. Carotid intima media thickness (IMT) is an intermediate phenotype of atherosclerosis and one of the strongest predictors of cardiovascular events, including myocardial infarction and stroke (12) . Reduction in IMT over time entails a parallel decrease in the risk for cardiovascular events, and this parameter is considered as a valid surrogate end point by the Food and Drug Administration (13) and the European Medicines Agency (14) . The validity of IMT as a cardiovascular risk biomarker in the CKD population is supported by studies in patients with predialysis CKD (15) and patients on dialysis (6, 16) . In the sole longitudinal study focusing on IMT, this parameter regressed in parallel with PTH levels after renal transplantation (17) . Until now, there was no sufficiently large study investigating the evolution of IMT after transplantation face to face with ongoing changes in established biomarkers of inflammation and CKD-MBD and no studies providing information on FGF23, which is now held as the main vasculotoxic factor among CKD-MBD biomarkers (18) .
Probing the evolution of arterial disease and parallel changes in pertinent risk factors after renal transplantation is of relevance in that such studies may help the interpretation of the substantial cardiovascular risk reduction brought about by restored renal function (1, 19) .With this background in mind, we studied the longitudinal association of changes in IMT in carotid arteries over time (before and after renal transplantation) with ongoing changes in classic risk factors and CRP and CKD-MBD biomarkers in a large incident series of patients who underwent successful renal transplantation.
Materials and Methods

Patients and Controls
The study protocol was approved by the ethical committee of the Gulhane School of Medicine in Ankara, Turkey. All consecutive adult patients (n=272) who underwent a kidney transplant at our center between January of 2003 and January of 2012 were considered for this analysis. Some of these patients are part of an ongoing prospective study encompassing measurements of vascular function, which has been described in a separate publication (20) . Because the scope of our study was that of investigating the reversibility of atherosclerosis (as measured by IMT) after restoration of renal function by renal transplantation and the functional relationship between the longitudinal changes in IMT and CKD-MBD biomarkers, by protocol, we excluded patients with risk factors that may distort the interpretation of carotid artery changes brought about by successful renal transplantation, including diabetes, background cardiovascular disease, smoking, rejection episodes, and use of mammalian target of rapamycin inhibitors, a class of drugs that may per se have a favorable effect on atherosclerosis (21, 22) . The flowchart of the selection process is shown in Figure 1 . We selected all patients with uneventful clinical course (no rejection episodes). We excluded five patients on sirolimus or everolimus, because these drugs per se prevent intimal hyperplasia and have a different effect on vascular function compared with standard cyclosporin-based regimens (21, 22) and four patients on a regimen including antithymocyte globulin (Muromonab-CD3), a drug that interferes in a complex manner with several components of the inflammation cascade (23) . Five additional patients were excluded, because they had acute rejection episodes, and two patients were excluded because of positive cross-match transplant (n=1) or blood group system-incompatible transplant (n=1). Furthermore, we excluded patients with diabetes mellitus (n=1), patients with history of cardiovascular disease (electrocardiogram-documented angina, myocardial infarction documented by electrocardiogram, and biomarkers of myocardial necrosis, cerebral ischemia, or revascularization procedures; n=5), smokers (n=7), and those taking angiotensin-converting enzyme inhibitors or angiotensin receptor blockers (n=10), active forms of vitamin D (n=13), erythropoietin (n=21), statins (n=2), and supplementary vitamin pills, including folate (n=2). Three patients were lost to follow-up before the second study (i.e., the study after transplantation), six patients withdrew consent, and seven patients were excluded because of starting angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (n=4) or active vitamin D compounds (n=3). In all patients, immunosuppression was performed by a standard regimen on the basis of calcineurin inhibitors (cyclosporin in 82 patients and tacrolimus in 96 patients) associated with mycophenolate mofetil and prednisolone. Target tacrolimus and cyclosporin levels were set according to standard recommendations. By the end of the 12th week after transplantation, the maintenance dose of prednisolone was reduced to 5 mg/d. Five patients developed post-transplant diabetes during the 6-month follow-up period, and all patients were on prednisolone treatment during the same period (dose range=5-60 mg/d).
As a control group, we enrolled 96 healthy controls recruited by in-hospital advertisement, and the vast majority of these volunteers was hospital personnel. These healthy volunteers were specifically selected to match the age and sex distributions of patients in this study. Routine analyses documented that healthy volunteers had normal renal function (GFR.90 ml/min), no hypertension, diabetes, or disorders of lipid metabolism, and no other relevant disease.
Study Protocol
In living transplant recipients, baseline biochemical and IMT assessments were performed within 4 weeks before transplantation. In cadaveric transplant recipients, the same measurements were performed during the routine clinical evaluation performed at the time of renal transplantation. Both in living and cadaveric transplant recipients, biochemical and IMT assessments were repeated 6 months after transplantation. eGFR was calculated according to the simplified version of the Modification of Diet in Renal Disease equation. Homeostatic model assessment (HOMA), an index of insulin sensitivity, was calculated with the formula HOMA=fasting plasma glucose (milligrams per deciliter)3immunoreactive insulin (microinternational units per milliliter)/405. The methods of measurement of 25 hydroxy vitamin D (25OHVD), PTH, FGF23 (second generation, two-site mAb ELISA; Kainos Laboratories, Tokyo, Japan), high-sensitivity C-reactive protein (hsCRP), and serum insulin were described in detail in a previous publication (24) .
Common Carotid B-Mode Doppler Ultrasound Measurement of IMT
Scanning was performed using the recommendations by the American Society of Echocardiography (12) using an instrument generating a wide-band ultrasonic pulse with a middle frequency of 12 MHz (ATL 5000; Advanced Technology Laboratories Inc., Bothell, WA). After an initial overview of vessel orientation, wall thickness, plaques, and surrounding structures, in all participants, a high-resolution B-mode ultrasound of the common carotid arteries with scanning of the longitudinal axis until the bifurcation and the transversal axis was performed. Measurements were made in triplicate on each side by tracing far-wall blood intima and media adventitia interfaces using the leading edge to leading edge method. All patients and controls were blindly examined by one experienced operator (a licensed radiology technologist). IMT was measured, always in plaque-free areas, at 1 cm proximal to the bifurcation on each side, and the average value was taken as an estimate of the IMT. The intraoperator variability for IMT at our laboratory was 4%. The upper limit of the normal range of IMT in our laboratory (established in 93 healthy controls of the study) is 0.71 mm.
Statistical Analyses
Non-normally distributed variables were expressed as medians (interquartile ranges), and normally distributed variables were expressed as means6SDs. A P value ,0.05 was considered to be statistically significant. Variables with a non-normal distribution were appropriately log transformed before analysis. Comparisons between two groups were assessed by the paired t and Wilcoxon rank sums tests as appropriate. Multiple regression analysis was applied to identify the independent correlates of IMT. Tested risk factors included all Framingham risk factors except for diabetes and smoking (because smokers and patients with diabetes were excluded from the study), biomarkers of bone mineral disorders (P, Ca, 25OHVD, PTH, and FGF23), CRP, albumin and insulin resistance as measured by the HOMA index, and the type of renal transplantation (living/cadaveric). Multiple regression models were built by including into the models all significant bivariate correlates of the main outcome measure (IMT). The models had sufficient power to test the independent association of this outcome measure with relevant correlates (i.e., at least 10 observations per covariate in the same models) (25) . All statistical analyses were performed by using the SPSS 15.0 (SPSS Inc., Chicago, IL) statistical package.
Results
The flowchart of patients enrolled into this study is presented in Figure 1 . Living related and cadaveric kidney transplants (Table 1) had similar ages and causes of CKD. Antihypertensive and immune-suppressive agents were also similar along with the dialysis treatment modality before transplantation. Therefore, additional analyses were performed in the combined population of patients with living and cadaveric transplants. The mean age in the control group of healthy subjects (33610 years old) was very close to that of patients (3269 years old), and the sex distribution was also similar (control group: 73% men and 27% women; patient group: 71% men and 29% women).
As shown in Table 2 , average eGFR after transplantation was 86614 ml/min per 1.73 m 2 , and no patient had a GFR,60 ml/min per 1.73 m 2 . After transplantation, there was a mild fall in systolic and diastolic BP (24 and 22 mmHg, respectively), a modest (+1.1 kg/m 2 ) increase in body mass index, and a rise in serum total and LDL cholesterol and triglycerides. HOMA index reduced after transplantation. Likewise, biomarkers of nutrition and inflammation underwent favorable changes as indicated by an 11% increase in serum albumin and a substantial reduction in hsCRP. Among CKD-MBD biomarkers, FGF23 fell dramatically after transplantation (from 6443 to 30 pg/ml). Serum calcium and phosphate reverted to the normal range, and PTH fell to 60 pg/ml. Before transplantation, all patients had either vitamin D insufficiency (i.e., plasma 25OHVD levels between 50 and 72 nmol/L [n=61; 34.3%]) or frank deficiency (i.e., 25OHVD levels#50 nmol/L [n=117; 65.7%]). After transplantation, 25OHVD increased by about 22%, and 62 patients (38%) attained vitamin D sufficiency.
IMT: Effect of Renal Transplantation
Before transplantation, IMT in patients on dialysis (0.960.2 mm) was higher than in age-and sex-matched (11) 7 (13) ADPKD, autosomal dominant polycystic kidney disease. 
Cross-Sectional Analyses of the Relationship between Risk
Factors and IMT before and after Transplantation Before transplantation, FGF23, hsCRP, systolic BP, and HOMA index (P,0.001) as well as eGFR and to a weaker extent, 25OHVD and serum phosphate were all related to IMT (Table 3 , pretransplantation IMT bivariate analyses). The GFR, FGF23, and CRP were the strongest correlates of IMT before transplantation (Figure 2) . Similarly, post-transplantation (Table 3 , post-transplantation IMT bivariate analyses) FGF23, eGFR, PTH, and phosphate associated strongly with IMT, whereas diastolic BP, hsCRP, HOMA, 25OHVD, and serum calcium showed weaker correlations with the same parameter. Of note, hsCRP and FGF23 before transplantation were directly related each other (r=0.30), and this relationship was highly significant (P,0.001).
Multiple regression models were built and included variables associated with IMT at bivariate analyses (see above) as well as other established risk factors for IMT, including age, sex, body mass index, LDL cholesterol, and serum albumin. Before transplantation (Table 3 , pretransplantation IMT multiple regression analyses), FGF23 (b=0.28; P,0.001), eGFR (b=0.23; P=0.002), systolic BP (b=0.17; P=0.01), and hsCRP (b=0.15; P=0.03) were all independent correlates of IMT. After transplantation (Table 3 , post-transplantation IMT multiple regression analyses), FGF23 and to a very slight degree, eGFR, serum calcium and phosphate, and PTH maintained an independent association with IMT. The type of renal transplantation (living/cadaveric) had no independent relationship with IMT both pre-and posttransplantation (Table 3) .
Longitudinal Analyses of Changes in Risk Factors after Transplantation and Changes in IMT
In these analyses (Table 4) , we tested the association between changes (i.e., the difference between values of each variable after transplantation minus the value of the same variable before transplantation) in individual risk factors with simultaneous changes in IMT brought about by renal transplantation.
Changes in FGF23 and CRP were the strongest bivariate correlates of IMT ( Figure 3 , Table 4 ). In these unadjusted analyses, IMT was also associated with eGFR, serum phosphate and calcium, and to a weak extent, 25OHVD and PTH.
On multiple regression analysis, changes in FGF23 (b=0.26; P,0.001) and hsCRP (b=0.25; P=0.001) emerged as the strongest independent correlates of IMT changes. Changes in eGFR and serum phosphate maintained an independent association with changes in IMT, but these relationships were fairly weak (Table 4 ). Similar to cross-sectional analyses, the type of renal transplantation (living/cadaveric) had no independent relationship with changes in IMT after renal transplantation (Table 4) . 
Discussion
This study shows that IMT of the carotid arteries, an intermediate phenotype and a valid surrogate biomarker of atherosclerosis denoting intimal fibroplasia and muscle cell hypertrophy in the vascular wall, reduces after renal transplantation. Reduction in IMT after renal transplantation parallels the decline in CRP levels and the marked fall in FGF23 associated with restored renal function. Classic risk factors and other risk factors apparently do not contribute to explain the improvement in IMT after transplantation.
Successful renal transplantation substantially reduces the risk for cardiovascular complications in patients with transplants compared with well matched patients on dialysis on the waiting list (1). In a study by Kasiske et al. (26) in the 1990s, no relationship was observed between Framingham risk factors, including smoking, hypertension, and hyperlipidemia, and the risk of myocardial infarction, cardiac death, and coronary interventions in recipients of renal transplants (26) . Among nonclassic risk factors, CRP (9) and biomarkers of CKD-MBD (10) undergo dramatic changes after transplantation, and FGF23 and 1,25(OH) 2 vitamin levels approach the normal range in most patients, whereas serum PTH often remains mildly to moderately elevated (27) . Numerous low-powered cross-sectional ultrasound studies of carotid arteries have been performed in patients with renal transplants (28) (29) (30) (31) (32) . The vast majority of these studies considered isolated biomarkers (mainly biomarkers of inflammation) (29, 31, 32) or just a limited set of purported risk factors. Longitudinal studies have several advantages over cross-sectional studies for exploring causation. Indeed, these studies provide information about individual changes in the variables of interest, exclude between-subjects variation from error, and allow investigation of the relationship between predictor variables with relevant study end points (33) . With 178 patients, our longitudinal study had sufficient power for testing the independent contribution of a large set of potential risk factors to the variance of IMT, including classic (Framingham) risk factors and risk factors related with CKD, such as inflammation, insulin resistance, low albumin, and biomarkers of CKD-MBD. Even brief periods of systemic inflammation by infectious diseases determine a relevant increase in IMT (+17%) within 3 months of the infectious process, and such an increase is attenuated by appropriated treatment with antibiotics (34) . Furthermore, this study is the first testing the evolution of the same parameters and FGF23 along with simultaneous IMT measurements before and after renal transplantation. FGF23 is strongly associated with whole-body atherosclerosis burden as measured by nuclear magnetic resonance imaging in a large study in the general population in Sweden (35) . It is, therefore, of relevance to investigate whether similar links also exist in patients on dialysis before and after renal transplantation. In this study, we tried to minimize the confounding effects of preexisting cardiovascular damage (myocardial infarction, peripheral vascular disease, or cerebrovascular disease), diabetes, and smoking on the evolution of arterial damage by excluding patients with these risk factors. Although this approach may be difficult to apply in the aging dialysis population with a high cardiovascular burden in most centers in northern Europe and the United States, in Turkey, 65% of transplants are made in patients on dialysis in the age range of 20-44 years old (36) (i.e., an age range substantially lower than in northern Europe and the United States). Likewise, we tried to limit the confounding effect of drug treatment by excluding patients on renin angiotensin blockers, statins, erythropoietin, active forms of vitamin D, and inhibitors of mammalian target of rapamycin, all drugs that per se may influence vascular disease. Our analyses in this selected population show that FGF23 and serum CRP are the strongest independent correlates of IMT in both baseline analyses before transplantation and longitudinal analyses incorporating measurements made before and after transplantation. Our observations suggest that attenuation of inflammation and almost complete correction of high FGF23 levels may play a relevant role in the amelioration of arterial disease after successful renal transplantation. CRP and FGF23 are associated with each other in patients with CKD (37) , and these risk factors were directly related in baseline analyses (before transplantation) in this study. However, both of these biomarkers resulted in independent correlates of the evolution of IMT after transplantation, suggesting that amelioration of inflammation and correction of high FGF23 may attenuate carotid atherosclerosis by separate biologic pathways. In line with observational studies in patients with transplants showing no relationship between classic risk factors and all-cause and cardiovascular risk factors (26) , in this study, hypertension, other Framingham risk factors, and insulin resistance were not associated with longitudinal changes in IMT after transplantation. Overall, our data are in keeping with the hypothesis that the reduction of CRP levels and abatement of FGF23 levels brought about by restored renal function contribute to reverse arterial damage in patients with transplants.
Our study has limitations. First, although useful to explore causal hypotheses, longitudinal studies do not prove causality. Second, as briefly alluded to before, patients in our cohort were all Turkish and younger than patients with transplants in American and European registries of dialysis and transplantation, which limits the generalizability of our findings. Third, although we tried to limit the effect of drug treatment on data interpretation, calcineurin inhibitors per se have an adverse effect on arterial disease in patients with transplants. Patients in our cohort were all treated with these drugs. Therefore, being evenly administered, it is unlikely that these immunosuppressant agents could have disturbed (to an important extent) the appreciation of the relationships emerged in this study.
In conclusion, IMT improves after renal transplantation, and such an improvement parallels the reduction in CRP levels and the dramatic fall in FGF23 associated with restored renal function. These findings are in keeping with the hypothesis that nonclassic risk factors may play a role in vascular disease in patients with coeval stage 5 CKD on dialysis and that the reduction in cardiovascular risk after transplantation is, at least in part, driven by an amelioration of these risk factors, like CRP and CKD-MBD. 
